When Horsley and Clarke8 introduced their stereotaxic manipulator in 1908, all subcortical areas in the brains of laboratory animals theoretically became accessible for study. As a consequence, many valuable data have been obtained from stimulation and ablation studies. The potential of the technique for ablation study has been limited for want of a necrotizing agent that would gradually destroy a predictable volume of tissue. In 1952, Carpenter and Whittier4 reviewed the work of others and demonstrated that stereotaxically implanted radon seeds create a more discrete lesion than any of the chemical, electrolytic, mechanical, or thermal methods.
1Bet(l radiatio7n as (l rolb,loaical itist7rumeult BOYESEN, CAMPIBELL wheni experimentation involved a sensitive area. Cairns and Fulton3 in 1930 were the first deliberately to utilize this characteristic of radon', when studying the effect of gradual destruction of the spinal cord.
Encouraged by the findings of others, experinmentation was undertakeni vith stereotaxically imiiplanted radon seeds, only to be abandoned because of several inherent disadvantages. Bulk proved to be a distinct hinderance lwhen. multiple placemenits Nere required, and the necessity of having to work wvith a certain perceintage of gammt1ia radiation was another.
MATERIALS AND METHODS
Work was then undertaken with artificially produced radioactive isotopes which were sources of beta rays. Employment of these substances assured a reduction in volume of the implant and provided the additional advantage in selection of half life, as well as maximum energy of the beta particles emitted.
Palladium-109 and Yttrium-90, pure sources of beta radiatioll, were tested at this point. Pd"' has a relatively short half life, 13.1 hours, in contrast to that of Y', 2.54 days. The maximum energy of the beta particles of the former is 0.95 mev compared with 2.18 mev for the latter. In the case of both isotopes, radiation strength drops off rapidly enough to permit permanent placement of solid spheres of either isotope. This geometric form was selected for ease of handling in apparatus, as was a diameter of 0.86 mm., because it permits free passage through thin-walled, t18, steel tubing. 
LESIONS
The lesions which result from implantation of the sources of beta radiation described above are spherical and discrete by gross examination (Figs. 2 and 3). A 400 to 700 ,u zone of irregular transition frotn necrotic to normal cells surrounds the area of absolute destruction. Histological study of this perimeter shows the astrocytes are most sensitive to radiation, next the microglia, then the neurons, and oligodendroglia. The blood vessels and myelin are the most resistant. The irregularity of transition is manifested by the presence of normal appearing neurons, myelin sheathes, and capillaries within 10 u of the area of liquefied cellular breakdown, while fragmented neurons are found 600 to 700 ,u out from this point. Figure 2 .
B. H and E stain, x220. Photomicrograph to show in greater'detail the changes in the upper left margin of the lesion illustrated in Figure 2. proved to be more reliable methods for determining gross lesion diameter. This was accomplished by administering 5 ml. of 4% Evans blue dye (W761-1 )* by the intravenous route three hours prior to sacrifice. Dis-Beta radiation as a neurological instrument I BOYESEN, CAMPBELLtortion of the brain was minimized by perfusing the vascular system via the left cardiac ventricle with 300 ml. of a solution containing 10% formalin, 0.9% sodium chloride, and 5.6% gum acacia under a pressure of 120 mm. of mercury.9 Both procedures were carried out under full intravenous Nembutal anesthesia. In addition to outlining the area of absolute necrosis, supravital staining revealed a surrounding area where the integrity of the blood brain barrier is temporarily interrupted. The transition from absolute necrosis to minimal change was well revealed by this method. The degree of staining by the dye diminished with distance from the source. Changes in the astrocytes corroborated this gross colorimetric determination.
The most important factors that determine lesion volume are: source strength, energy of the beta ray, half life, and self-absorption of radiation within the source. The maximum diameter of tissue destruction will ultimately depend upon the energy of the particular beta ray employed. However, within these limits the volume of the lesion can be adjusted by varying the strength of the source. Since each type of cell has a level of resistance to radiation, the lesion will increase according to the dose rate. This, in turn, is dependent upon the strength of the source and its half life. Selfabsorption of radiation within the source is definitely a factor. The low specific gravity of the ceramic matrix of the Y90 spheres raises the efficiency of delivery of the total dose, whereas in the more dense metallic Pd109 sphere, much of the total beta radiation is restrained within the source.
Data obtained from research with solid Pd'09 spheres of approximately identical radiation strength illustrate (Fig. 4A, B , and C) the gradual development of the lesion to its maximum diameter on the fourth day, and its status in the fourth week (Fig. 4D) , when peripheral edema has subsided and healing and repair are evident. The first three pictures can be easily reconciled as recording the effect of increasing numbers of millicurie hours of radiation. These photographs indicate that no reliable correlation can be made between an anatomical deficit created by this method and resultant physiological changes until the third postoperative week, because of edema within the area of absolute necrosis and its immediate periphery. However, this method of tissue destruction has a distinct advantage over others in that the lesion develops slowly. In this way the organism can withstand a greater assault.
EVALUATION OF THE METHOD
When calibration of the radionecrotic potential of various doses of the beta emitting isotopes, Pd109 and Y90, was complete, the efficacy of the method was tested by stereotaxic implantation of both types of sources in various subcortical centers. These were the following: head of the caudate nucleus; septum pellucidum; "preoptic region" as defined by Heath, 7 viz two areas in combination. Animals survived these lesions satisfactorily, unless the swelling was of sufficient degree to occlude the foramina of Munro and cause an overwhelming increase of intracranial pressure. A post-mortem verification of this was marked ventricular enlargement caudal to the area of edema. Eight animals in a series of forty-three succumbed from this cause. Death under these circumstances occurred on the third to sixth day, when the lesion was reaching its maximum dimension. The significance of minor changes in the serum sodium and potassium levels coincident with these lesions is discussed in another communication.'0 It is per-Beta radiation as a neurological instrument BOYESEN, CAMPBELL tinent, however, to mention that when over 50%o of the volume of both caudate nuclei was destroyed, the only deviation from the physiological norm was anorexia to a degree necessitating gavage for the first four post- (Fig. 5A) , or one which included the septum pellucidum, anterior commissure, and descending portion of the fornix, as illustrated in Figure 5B , did not cause a detectable neurological or behavioral change. These lesions, with an approximate diameter of 7.5 mm., resulted from single Y90 sources with an approximate strength of 0.4 mc. each. It is of interest that these particular animals and others with similar lesions did not show the loss of affect, hypokinesia, and other profound disturbances reported by Heath. Possibly the discrete character of the lesion and its gradual development accounts for the difference.
CONCLUSION
It is to be concluded that Pd'09 and Y90, when employed in the method described above, are useful sources of beta radiation for the creation of quantitated, histologically standardized subcortical lesions. Y90, which emits a stronger type of beta radiation and has a longer half life, appears to be the isotope of choice for stereotaxic neurosurgery. These characteristics make it particularly useful because it can be shipped to laboratories situated at a distance from an atomic pile without great loss of radiation strength.
These laboratory data have been sufficiently convincing to permit preparation for clinical employment of the technique.
